Objectives: Extended-spectrum beta-lactamase producing (ESBL) Klebsiella pneumoniae is an important cause of nosocomial infections in neonatal intensive care units (NICUs). Our objectives were to determine (1) the incidence of ESBL K. pneumoniae in our NICU, (2) the frequency of SHV-1 and SHV-2 gene acquisition among ESBL K. pneumoniae isolates, (3) the risk factors associated with ESBL K. pneumoniae infection and (4) the clinical outcomes of infected infants.
Introduction
Nosocomial infections are responsible for significant mortality and later morbidity among neonatal intensive care unit (NICU) patients, resulting in prolonged hospital stay and increased health care costs. 1, 2 Infections caused by multidrug-resistant Gram-negative bacilli that produce extended-spectrum b-lactamase (ESBL) enzymes have been reported with increasing frequency in NICU settings. [3] [4] [5] [6] [7] [8] These organisms elaborate enzymes, the plasmid-encoded b-lactamases, which can deactivate certain antibiotics by hydrolyzing the amide bond in the b-lactam ring of these antibiotics. Although a variety of ESBL enzymes have been described, the TEM and SHV enzymes are the most frequently observed. Mutations in the genes encoding the TEM and SHV b-lactamases can extend the spectrum of enzyme activity to include penicillins, the extended-spectrum cephalosporins (for example, ceftazidime, cefotaxime and ceftriaxone) and aztreonam. 9 The emergence of ESBLs creates a real challenge for both microbiologists and clinicians because the dynamic evolution of ESBLs requires tedious efforts to keep the medical community updated with characterization and epidemiology of these organisms. In addition, ESBLs make bacteria potent and resistant against a wide range of antibiotics that have tremendous therapeutic implications. Finally, the current methods for the detection of ESBLs are not among the routinely used tests, making a significant diagnostic challenge to diagnose, prevent and control infections with these bacteria. 10 The identification of risk factors for nosocomial infections in NICUs is essential for adoption of adequate preventive measures. Clinical conditions and treatments predisposing to infection and/or colonization by such pathogens have been investigated, but very few studies were able to identify independent risk factors. Moreover, variables associated with colonization and/or infection vary considerably between these studies. [3] [4] [5] Therefore, this study was conducted aiming at (i) detection of incidence of ESBL K. pneumoniae in a large level III NICU at Mansoura University Children's Hospital, (ii) testing for the frequency of SHV-1 and SHV-2 genes acquisition among ESBL K. pneumoniae isolates, (iii) detection of risk factors associated with ESBL K. pneumoniae infection and (iv) determining the clinical outcomes of infected infants.
Methods
This prospective cohort study included all newborns admitted for at least 48 h to the NICU at Mansoura University Children's Hospital over a period of 12 months starting from June 2005 to May 2006.
Setting
The tertiary-level NICU of Mansoura University Children's hospital, Egypt, serves approximately 500 admissions per year and consists of five rooms with a maximum capacity of six neonates per room. The entrance of the NICU has a foot-operated sink, and each room has a regular sink. In addition, waterless chlorhexidine/alcohol hand disinfectants are available at each bedside. The unit policies for hand washing and for the use of gloves are in accordance with the recommendation of the US Center for disease Control. Intravenous fluids and total parenteral nutrition solutions are prepared in a separate room by a designated team of nurses, under laminar air flow, where proper hand hygiene and strict adherence to aseptic precautions are followed up.
Subjects
Neonates admitted to the NICU and available in the unit for at least 48 h comprised the cohort for this study. The newborns who had evidence of sepsis on admission and those staying <48 h were excluded from the study. All neonates included into the cohort were closely followed during their hospital stay for clinical signs of infection. Each patient was followed until discharge from the unit and hospital or death. The institutional review board of Mansoura University Children's Hospital approved this study.
Definitions
Nosocomial infections were defined according to published criteria. 11 A nosocomial infection was defined as an infection not present or incubating at the time of NICU admission and occurring >48 h after NICU admission with either (a) culture of sterile body fluids (blood, cerebrospinal fluid, urine) yielding a recognized bacterial pathogen; (b) a tracheal aspirate culture yielding a pure growth of known bacterial pathogen in a neonate on ventilator support with respiratory deterioration and radiographic pneumonia or (c) clinical examination revealing a soft tissue infection. A case of ESBL K. pneumoniae infection was defined as any NICU patient with symptoms or signs of infection and ESBL K. pneumoniae isolation from blood, urine, cerebrospinal fluid, endotracheal aspirate or aseptically obtained fluid or tissue from a surgical incision.
Data on all neonates hospitalized for >48 h were collected prospectively. Findings were recorded in a predefined format that included demographic data, discharge diagnostics, invasive devices or procedures, for example, central venous catheter, mechanical ventilation, total parenteral nutrition, duration of hospitalization, surgical procedures performed, antibiotics used, site of infection, date of onset of the infection, microbiological findings and cultures and outcome. Sources of data were laboratory, radiology, pharmacy records, patient medical records, nursing notes and communication with the attending physicians.
Methods
Cultures were obtained from infants by the NICU staff as clinically indicated. Specimens were collected from blood, cerebrospinal fluid, urine, swabs from wounds and throat, endotracheal tube aspirates and sputum. A total of 980 samples from the 380 suspected cases of neonatal sepsis were taken during the study period.
Environmental survey. Swabs were taken from floors, walls, doors, windows, shelves, disks, respiratory equipment, suction tubing, incubators, phototherapy units, medicine/supplies cabinets, sinks, heaters, resuscitation equipment, hand-washing soap, scales, feeding bottles, intravenous fluids and milk formula. The environmental screenings were done in parallel with hand impressions and nasal swabs from healthcare workers (HCWs) every month during the study period.
Collection and transportation of the specimens. Processing of specimens was performed in the microbiology laboratory at the Microbiology Diagnostics and Infection Control Unit, Faculty of Medicine, Mansoura University. All media used in the study were obtained from Oxoid (Basingstoke, UK) and prepared according to the manufacturer's instructions. Any sign of growth was followed by subculture and identified by Gram staining. Gram-negative rods were identified by relevant biochemical tests. 12 Antimicrobial susceptibility test. Antimicrobial susceptibility was determined by Kirby-Bauer's disc diffusion method according to the specifications of Clinical and Laboratory Standards Institute (formerly National Committee for Clinical Laboratory Standards) recommendations. 13 Antimicrobial discs (Oxoid, Basingstoke, UK) Screening for ESBL. This was done as part of the routine susceptibility testing, according to the criteria recommended by the Clinical and Laboratory Standards Institute. 13 Two discs, ceftazidime (30 mg) and cefotaxime (30 mg), were used. The strain was suspected as ESBL producer if it had an inhibition zone of p22 mm for ceftazidime and p27 mm for cefotaxime.
Phenotypic confirmatory test for ESBL production. Production of ESBLs was detected by the double-disc synergy test, 14 with disks of amoxicillin-clavulanic acid surrounded at a radius of 30 mm by cefotaxime, ceftazidime, aztreonam and cefepime on a Muller-Hinton agar plate. An increase of X5 mm in zone diameter for either antimicrobial tested in combination with clavulanic acid versus its zone when tested alone was interpreted as phenotypic evidence of ESBL production. This test was integrated in the routine susceptibility testing. ESBL production was confirmed by using ESBL-detecting Etest strips containing ceftazidime and clavulanic acid (AB Biodisk, Solna, Sweden). Minimal inhibitory concentrations of various antibiotics, including ceftazidime and cefotaxime, were determined by using the Etest (AB Biodisk, Solna, Sweden).
Genetic detection of SHV-1 and SHV-2 genes in ESBL K. pneumoniae isolates by molecular biological techniques. Genomic DNA was extracted from ESBL K. pneumoniae isolates from an overnight broth saturated cultures using a method described by Chen and Kuo. 15 Polymerase chain reaction (PCR) amplifications of SHV were performed using Taq PCR Master Mix (AM, Egypt), and the SHV primers (AM, Egypt) (5 0 -GCCCGGGTTATTCTTATTTGTCGC-3 0 (SHV-F); 5 0 -TCTTTCC GATGCCGCCGCCAGTCA-3 0 (SHV-R)). The PCR amplicons from ESBL-K. pneumoniae isolates were subjected to restriction fragment length polymorphism analysis using NheI enzyme (AM, Egypt). The amplified products were checked on agarose gel electrophoresis. The F Â 174 (HaeIII) digest marker was used as molecular mass standard to detect the size of PCR bands. Fractionation was done in TBE buffer in submarine agarose electrophoresis unit (Hoefer, Inc., San Francisco, CA, USA). Visualization of the gel after electrophoresis was done under the ultraviolet transilluminator (Fisher Scientific, Pittsburg, CA, USA). Gels were photographed (photo-documentation) using digital camera.
Statistical analysis. Rates for nosocomial infections were calculated as the number of infections per 100 admissions.
Nosocomial infection incidence densities were reported as the number of infections per 1000 patient-days. 16 Univariate analyses were used to determine possible associations between various risk factors and ESBL K. pneumoniae. A multivariate logistic model was structured to identify independent risks associated with ESBL K. pneumoniae infection. Adjusted odds ratios with 95% confidence interval (CI) were determined. A P-value of <0.05 was considered to be statistically significant. Data were statistically analysed with the use of the Statistical Package for Social Science program (SPSS version 15.0 for windows, Chicago, IL, USA).
Results
During the study period, there were 473 admissions and 6996 patient-days, and among these neonates, 380 (80.3%) were included in the study cohort, whereas 28 neonates were excluded due to the presence of clinical evidence of sepsis on admission to the NICU, 65 neonates were excluded because the length of their admission was <48 h. The incidence of nosocomial infections was 36% (n ¼ 138), with a density rate ¼ 29/1000 patient-days. The most frequent nosocomial pathogen isolated from our neonates was K. pneumoniae (19.6%). Eighteen (66.7%) of the K. pneumoniae isolates were found to be phenotypically ESBL producers according to the criteria set by the Clinical and Laboratory Standards Institute. K. pneumoniae was cultured from 27 (7%) infants (3.8/1000 patient-days). ESBL K. pneumoniae was cultured from 18 (4.7%) infants (2.6/1000 patient-days). The sources of K. pneumoniae and ESBL K. pneumoniae isolates are demonstrated in Table 1 . Infections occurred from day 7 to day 35 of the period in NICU, with 50% of infections occurring by day 15. None of the ESBL K. pneumoniae isolates was resistant to imipenem, whereas 11.1 and 22.2% were resistant to piperacillin/ tazobactam and amikacin, respectively.
The PCR products from the 18 K. pneumoniae isolates were subjected to PCR-restriction fragment length polymorphism analysis using NheI enzyme. Two fragments of 770 and 247 bp Table 3) . ESBL K. pneumoniae is associated with higher mortality (28 versus 11%, P ¼ 0.04) (relative risk: 3.09, CI: 1.04-9.14) and prolonged hospitalization for those who survived (OR ¼ 3.8 CI:1.02-11.2).
In vitro susceptibility testing revealed that the empiric antibiotic therapy was inadequate in 41.3% of the cases (57 of 138). The inadequately treated patients (defined as initiation of treatment with active antimicrobial agents >72 h after collection of the first positive culture) had an increased mortality compared with the adequately treated group (42.1 versus 19.8%; OR ¼ 2.95; 95% CI ¼ 2.29-3.68; P<0.001).
Out of the 372 environmental cultures taken from potential sources of infection, 9 isolates of K. pneumoniae were identified; 4 from suction tubes, 2 from incubators and 3 isolates from the hands of HCWs. Five (56%) of these isolates were ESBL producers. PCR-restriction fragment length polymorphism analysis revealed two fragments of 770 and 247 bp corresponding to the presence of SHV-2 gene in the five strains proved phenotypically to harbor ESBLs with additional unrestricted product of 1017 bp corresponding to the presence of SHV-1 gene was detected in three out of these five strains.
Discussion
Our study presented an alarming incidence of ESBL production among all isolates of K. pneumoniae. This organism was associated with increased mortality and prolonged hospitalization of survivors.
We identified a high percentage of K. pneumoniae (67%) to produce ESBL. Testing for ESBL production is not routinely done by most centers. This may allow the dissemination of ESBL-producing strains within and between hospitals to remain undetected for long periods. The consequence can be serious outbreaks, particularly in the intensive-care units. Fortunately, none of our ESBL K. pneumoniae isolates (100%) were resistant to imipenem. However, resistance to carbapenem has been reported in previous reports from different regions. [17] [18] [19] [20] The emergence of resistance to carbapenem requires careful monitoring, as many of the producers are resistant to all antimicrobials posing a serious threat to hospital units.
Our data demonstrated the presence of SHV-2 in plasmid DNA in all ESBL K. pneumoniae and SHV-1 in 44% of them. SHV genes have been shown to confer resistance to third-generation cephalosporins. 6, 8 Other reported ESBL types include TEM, CTX-M and OXA. Of note, the prevalent genotypes vary in different countries on the basis of the differences in the use of antibacterial agents and prevalence of plasmids that harbour ESBLs genes. 21, 22 Premature and low birth weight babies were more likely to acquire ESBL K. pneumoniae because of relative immaturity of their immune system. In addition, they are likely to be subjected to different interventional procedures. Moreover, total parenteral nutrition and mechanical ventilation were significant predictors of ESBL K. pneumoniae infections, 23 and total days of hospital stay proved to be an independent risk factor for acquisition, suggesting that the hospital environment plays a crucial role in the transmission of such pathogens. 3, 24 In contrast to our findings, previous studies have demonstrated that low birth weight 5 and mechanical ventilation 3, 5 were not independent predictors of ESBL K. pneumoniae infection. The differences between our study and other studies probably could be related to differences in respiratory, nutritional and nursing practices. In addition, the use of newer incubators, ventilators, bacterial filters and other equipment may play a role in protecting smaller infants in these studies.
In our study, the use of central venous catheter was not associated with ESBL K. pneumoniae infection. Previous reports indicated conflicting findings in different settings. 25, 26 Our understanding is that central venous catheter by itself is not a risk for ESBL, but the care and handling of central venous catheter is a key for the prevention of ESBL and for sepsis in general.
Our report highlights the danger of the widespread use of cephalosporins in the medical community that favours the survival of these strains, which are then transmitted to the neonates by the hands of HCWs in the NICU. 25, 26 Antibiotic restriction policy can significantly reduce antimicrobial consumption and antimicrobial resistance rates. 27 We have demonstrated that neonates with infections due to ESBL K. pneumoniae had a significantly higher mortality than those without ESBL K. pneumoniae infection. Similar findings were reported previously. 27 Inadequate empirical antibiotic therapy was associated with mortality. Prompt initiation of effective antibiotic therapy is essential in neonatal sepsis, and empirical decisions must be based on a sound knowledge of the local distribution of pathogens and their susceptibility patterns in each individual unit. In a setting such as ours, where ESBL producers are fairly common, empirical treatment of nosocomial sepsis should ideally include drugs that will be effective against these pathogens. Awareness of changes in bacterial resistance patterns and an understanding of the risk factors for ESBL K. pneumoniae infection can improve the efficacy of empirical antibiotic treatment protocols.
Three of our ESBL K. pneumoniae isolates were recovered from the hands of HCWs, thus suggesting horizontal transmission of ESBL K. pneumoniae from one patient to another through the hospital staff. However, this has to be confirmed by a pulse field gel electrophoresis typing on a subset of clinical and environmental isolates, to prove cross transmission. Identical K. pneumoniae outbreak clones were isolated from infected neonates and HCWs' hands in NICUs. 6, 7, 9 Hand washing is a simple, low-cost, low-technology intervention and is considered to be the single most important factor in the prevention of nosocomial infections. 7 The introduction of alcohol-based hand rubs may have had a positive effect on reducing colonization and nosocomial infection rates, and their use is highly recommended. 28 
Conclusion
Extended-spectrum b-lactamase producing K. pneumoniae is a significant source for mortality and morbidity in infants admitted to our NICU. Use of oxyimino-antibiotics is a significant risk factor for infection. The clinical significance for the SHV-1 and SHV-2 genes should be further explored.
